Succinic anhydride (95%), potassium carbonate (K 2 CO 3 ), Sodium Sulfate (NaSO 3 , 99.9%), 4dimethylaminopyridine (DMAP), triethylamine (TEA), Titanium (IV) butoxide (TB, 97%), oleic acid (OLAC, 90%), oleyl amine (OLAM, 70%), Ammonium hydroxide solution (NH 4 OH, 28%), absolute ethanol (≥ 99.8%), hexane (≥ 95%), absolute methanol (>99.9%) dimethylformamide (DMF, ≥ 99.9%), phosphoryl chloride (POCl 3 >98%) freshly distilled before reactions. Tetrahydrofuran (THF >99%) dried with sodium wire and benzophenone and distilled before the reactions start.
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till the solution reaches pH 7-9. This process was applied in order to maximize surface chemistry homogeneity. Table S1 . Crystal dimensions derived from XRD calculated at (101) peak, reported with their standard deviation, TEM reported with their standard deviation and DLS measurements in water reported with their PDI. BET Specific surface areas as well as ζ-potential measured in water dispersions are reported with their standard deviation.
Sample XRD TEM DLS PDI SSABET ζ-Potential nm nm nm m 2 g -1 mV Anatase 5.9±0.4 7.6±1.1 16 0.191 174±7 -27.8±6.5
FIGURE S1
Blue circles: plot of radius of gyration measured through DLS analysis as function of the monomer units of the mPEG. The black squares instead represent the calculated Flory radius (R F ) for the same polymer chains. The dashed lines represent the allometric fitting of the experimental points, the fitting function parameters are collected in Table 2 of the main text. Figure S2 reports the FTIR spectra and the TGA for mPEG 500 @NP samples where the mPEG is terminated with different linkers. In Figure S2a , the green line represents the non-functionalized mPEG chain where the intense vibration peak of the OH terminal group is easily detectable at 3300 cm −1 ; at 2900 cm −1 the peak related to the stretching of the CH 2 groups is detected and at 1100 cm -1 the C-O bonds vibration peak. The grey area highlights the region of the spectra where the mPEG peaks are found: it is possible to observe that the peaks appears in the grafted samples (in order from top to bottom: -PO(OH) 2 yellow line, -COOH blue line and -OH red line), confirming the presence of the polymer chain on the anatase surface, even if the signal is sometimes hardly detectable. To describe the polyethylene mPEG 500 we used a standard procedure to generate a Generalized Amber Force-Field (GAFF): (i) we optimized the monomer geometry with Gaussian16 1 at the HF/6-31G* level of theory and obtained the charges according to the Merz−Kollman population analysis scheme; 2,3 (ii) we derived the partial atomic charges according to the RESP method 4 utilizing the ANTECHAMBER module. 5 Finally the topology of the whole system was generated with the tLEap module of AMBER16. Figure S3 ). After a first minimization of 50.000 steps to avoid atoms superposition, the O PEG -Ti distance has been kept fixed as well as the position of the NP atoms (corresponding to the DFT(B3LYP) optimized one 6 ) exploiting very high Cartesian restraints (5000 kcal mol -1 Å -1 ). Using the PACKMOL code 7 the systems have been immersed in 10 nm 3 water boxes with densities of about 1.00 g/cm 3 . The number of mPEG 500 chains used and the relative grafting densities σ are reported in what we recently published on the same NP functionalized with water. 8 In Figure S4 all the sites involved have been color coded according to their binding energy strength with water ( as ∆ defined in Section S1.3). In Table S3 all the and binding mode has been reported for all the ∆ different kind of sites of the NP surface (see Figure S4 ). When two or three water molecules have been considered, their adsorption mode has been established on the bases of what reported in Table S3 (e.g. if the two water are on site 16 and 7, they have a dissociative and molecular adsorption mode, respectively). It is important to underline that since the nanoparticle as almost a D 2d symmetry the occurrence of each undercoordinated Ti atom, reported in Table S3 , is more than one: there are 36 Ti 4c , 44 Ti 5c , 12 Ti 4c -OH and 8 Ti 3c -OH atoms for a total of 100 Ti which can act as binding sites.
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FIGURE S4
. Graphical representation of the distribution of binding energies for one water molecularly or dissociatively adsorbed (see Table S2 ) on each undercoordinated Ti site of the NP model in vacuum, as obtained with the DFTB-D3 method. Table S3 . Adsorption energy (in eV) and binding mode for single water molecule adsorption on ∆ the different Ti sites reported in Figure S4 .
SITE Occurrence
Ti 
S2.2 MD Analysis Indicators
 Radius of gyration
The radius of gyration, R g 2 , has been calculated according to ref 9 as:
where is the center of mass of the molecule and the position of each heavy atom of the ℎ chain. We then report the root-mean-square distance R g which is averaged over 2000 steps, collected every 2.5 ps for the last 5 ns of the molecular dynamics production run. In the case of the free mPEG 500 we increased statistic performing three different production runs.
 End-to-End Distance
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The end-to-end distance, R ee , is the distance between the first and the last heavy atom of the mPEG 500 chain. Its value is averaged over all the mPEG 500 chains present in each system and over 2000 steps, collected every 2.5 ps for the last 5 ns of the molecular dynamics production run. In the case of the free mPEG 500 we increased statistic performing three different production runs.
The calculated radius of gyration, R g and end-to end distance, R ee have been compared with other molecular dynamics simulations for PEG of similar size 10, 11, 12 and experimental data obtained from static light scattering (SLS) measurements in Table S4 . 13, 14 It is the distance between the center of mass of each mPEG 500 polymer and the closest undercoordinated Ti atom of the NP surface. Its value is averaged over all the mPEG 500 chains present in each system and over 2000 steps, collected every 2.5 ps for the last 5 ns of the molecular dynamics production run (see Table S5 ) 
 OCCO Dihedral Angles Distribution
In Figure S6 we report the dihedral angles distribution of the 10 dihedral angles in the free mPEG 500 chain in water averaged over 2000 steps, collected every 2.5 ps for the last 5 ns of the molecular dynamics production run. To increase statistic three different production runs have been performed. The distribution has been normalized over the total number of dihedral angles evaluated, i.e. 10 (dihedrals) x 2000 (steps) x 3 (production run) = 60000 angles.
This quantity has been evaluated also for the mPEG 500 @NP systems and thus averaged also over all the mPEG 500 chains present in each system. In these cases only a single production run have been performed.
FIGURE S6
. Averaged distribution of OCCO dihedral angles of the mPEG 500 chain in water. The majority of the angles have values between ± 30.00° and ± 90.00° corresponding to gauche(-/+) configurations. The two peaks are centered at -70.50° and +71.50°.
 OCCO Dihedral Angles Index (DAI)
This index is calculated as follow: (i) in the normalized OCCO dihedral angles distribution of each PEG 500 @NP systems the angles values between ± 90.00° have been removed to highlight the ranges closer to the trans (180°) angles; (ii) the resulting function has been integrated between ± 180.00°.
If the free mPEG 500 and the mPEG 500 @NP chains are similar, the index will be close the average number of trans and cis dihedrals will be the same in both samples considered. When the index increases the mPEG 500 @NP chains have a larger average number of trans and cis dihedrals than the free mPEG 500 indicting more stretched polymers typical of brush systems. S11
 Number of H-bonds per Monomer
It is the number of hydrogen bonds between the H atoms of water and the O atoms of the mPEG 500 chains. Its value is averaged over all the mPEG 500 chains present in each system and over 2000 steps, collected every 2.5 ps for the last 5 ns of the molecular dynamics production run. In the case of the free mPEG 500 we increased statistic performing three different production runs. A H-bond is defined when the geometrical criteria of distance r OO < 3.5 Å and angle DHA (donor-hydrogen-acceptor) < 150° are encountered.
 PEG 500 Volume Fraction:
The volume fraction, Φ(r), of mPEG 500 is calculated for the last 100 snapshots of each molecular dynamics simulation of the mPEG 500 @NP systems using spherical layers of 0.09 nm starting from the surface of the NP. For each CH 2 unit and O atom of the PEG we used a volume of 0.02 nm 3 , for water of 0.03 nm 3 . Table S7 and Table S8, respectively.
S2.3 Monomer Adsorption
FIGURE S7.
Binding modes considered for a) the PEG-OH, b) the PEG-COOH, c) the PEG-PO(OH) 2 monomers.
 Adsorption Energies
We have calculated the mPEG monomer adsorption energy ( ) according to the following ∆ equation:
where is the energy of the whole system, is the energy of the bare TiO 2 nanoparticle + and is the energy of the mPEG monomer in the gas phase. The water adsorption energy ( ) ∆ is:
where is the energy of the whole system, is the energy of the bare TiO 2 nanoparticle, + is the number of water molecule adsorbed on the surface (i.e. ) and is the energy of = 1,2,3 a single water molecule in the gas phase. To evaluate the loss in energy that we have substituting the water molecule/molecules with the mPEG monomer, we have calculated the competition energy as: 
 Full Coverage Design and Adsorption Energy
As reported in the main text, to obtain a hypothetical full coverage of the NP we followed three steps.
1) We consider the most stable configurations according to their adsorption energy;
2) Each site of the nanoparticle can be occupied only once;
3) We always tried to achieve the maximum coverage possible.
Here we will take the adsorption of the mPEG-COOH in vacuum as an example to show how the full coverage regime is reached and how we evaluated the averaged adsorption energy per molecule.
For this example we will always refer to = -2.28
where run over the different adsorption sites considered in the table above, is their ∆ adsorption energy and =64 is the number of monomers considered to obtain the full coverage. The number of occupied Ti sites is 82.
V. The approximation of this procedure is to consider the PEG monomers completely independent. Furthermore, the statistic of adsorption on the NP surface is not complete.
However, we believe that the results are still informative and that in a realistic modeled full coverage there will be only a rigid shift of the for the different linkers without ∆ significant qualitative differences from what we report here. Table 4 in the main text). Red squares refer to -OH terminated, blue circles to -COOH terminated and yellow triangles to -PO(OH) 2 terminated mPEG chains used in the experiments.
